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(57)Abstract: 

PURPOSE: To obtain a surface acoustic wave filter having a shape rise over a 
range from the outside of a band to the inside of the band. 
CONSTITUTION: Surface acoustic wave resonators 102 and 103 are 
manufactured by using 36° rotation Y-cut X-propagation lithium tantalate 
substrates 101 as substrates and using aluminum as electrodes. A surface 



acoustic wave filter is manufactured by connecting each of a serial resonator 102 
and a parallel resonator 103 in an L-shape. The propagation direction of the 
surface acoustic wave in the serial resonator 102 is an X-direction, which is the 
direction where a maximum electro/mechanical coupling coefficient can be 
obtained in the 36° rotation Y-cut X-propagation lithium tantalate substrate 101. 
In the parallel resonator 103, the propagation direction of the surface acoustic 
wave is shifted from the direction where the maximum electro/mechanical 
coupling coefficient can be obtained, the electro/mechanical coupling coefficient 
is smaller as compared with the serial resonator 102 and the difference between 
the resonance frequency and the antiresonance frequency is smaller as 
compared with the serial resonator 102. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic wave filter which is a surface acoustic wave filter 
constituted by connecting two or more surface acoustic wave resonators to a 
serial and juxtaposition, and is characterized by the propagation directions of the 
surface acoustic wave of the resonator connected to the propagation direction 
and juxtaposition arm of a surface acoustic wave of the resonator connected to 
the serial arm differing. 

[Claim 2] The surface acoustic wave filter which is a surface acoustic wave filter 
constituted by connecting two or more surface acoustic wave resonators to a 
serial and juxtaposition, and is characterized by the equivalent electromechanical 
coupling coefficient of the substrate which produces the resonator connected to 
the juxtaposition arm being smaller than the equivalent electromechanical 
coupling coefficient of the substrate which produces the resonator connected to 
the serial arm. 

[Claim 3] The surface acoustic wave filter according to claim 1 or 2 which uses at 
least one chosen from lithium tantalate and lithium niobate as a substrate which 
constitutes a surface acoustic wave resonator. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the surface acoustic 

wave filter used in a RF field about a surface acoustic wave filter. 

[0002] 

[Description of the Prior Art] In order to use it for a filter in recent years, research 
of a surface acoustic element has been done briskly. Especially, development of 
a surface acoustic element, especially a surface acoustic wave filter is briskly 
performed by development of the mobile communications in recently, and RF- 
ization. Various approaches are proposed as an approach of constituting a filter 
from the former by the surface acoustic element in a RF band, especially several 
100MHz. What constitutes a filter as the typical thing, using a surface acoustic 
wave resonator as shown in JP, 52-1 9044, A two or more, the thing called multi- 
electrode mold as shown in JP, 58-1 5491 7,A, and a surface acoustic wave 
resonator as shown in JP, 3-22251 2,A are installed adjacently, and there is a 
thing using association between resonators etc. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, in order to attain the 
miniaturization of mobile communication equipment, it is small also in a surface 



acoustic wave filter, and a filter with a sufficient property is required. And this 
surface acoustic wave filter is used in many cases as the interstage of the 
interstage filter of the transmitting section, or a receive section, an output filter of 
a local oscillator, etc. the low [ as a property required not only of a surface 
acoustic wave filter but of a general filter ] insertion loss in (1) band, and (2) -- the 
high attenuation which can be set out of band, and (3) -- since out of band, the 
steep standup into a band is mentioned. Since it is impossible to satisfy these 
[ all ] ideally, it is usually designed with emphasis on one of properties, and is 
properly used according to the description of a filter. Since the property required 
especially of a surface acoustic wave filter is out of band, it is a steep standup 
into a band in many cases. 

[0004] However, with the filter of a configuration like the present condition, if it is 
going to take the large magnitude of attenuation which can be set out of band, 
since out of band, the description of the steep standup into a band which is the 
description of this surface acoustic wave filter will be lost. 
[0005] Then, this invention person etc. examined the so-called resonator mold 
filter which constitutes a filter using two or more surface acoustic wave 
resonators. It is determined by the impedance of bandwidth and the connection 
connected to the electromechanical coupling coefficient and resonator of a 
substrate also especially in it although the standup property into a band is 
determined by the property of a resonator since out of band in this resonator 
mold filter. The four focus of the resonance frequency of (a) juxtaposition arm, 
the antiresonant frequency of (b) juxtaposition arm, the resonance frequency of 
(c) serial arm, and the antiresonant frequency of (d) serial arm exists in a 
resonator mold filter. The standup by the side of low-pass is determined by the 
difference of the resonance frequency of a juxtaposition arm, and antiresonant 
frequency, and the standup by the side of a high region is determined by the 
difference of the resonance frequency of a serial arm, and antiresonant 
frequency. When actually produced, the sufficiently steep standup was able to be 
obtained to the high region side, but resonance frequency fell, and since an 



inductor would be inserted in a resonator and a serial equivalent by the effect of 
the pattern for connecting a juxtaposition arm to a low-pass side, and the wire for 
grounding, the delta frequency of resonance frequency and antiresonant 
frequency was not able to become large, and was not able to obtain a steep 
standup under it. 

[0006] Although what is necessary is just to make the amount of [ which goes 
into a serial at the resonator of a juxtaposition arm ] inductor decrease in order to 
solve the above-mentioned technical problem, in order to connect or ground a 
juxtaposition arm, it is required, and there is a limitation in the absolute value. 
Moreover, although it is required to enlarge the resonator of this juxtaposition 
arm, i.e., to enlarge the product of a logarithm and crossover width of face, in 
order to take the large magnitude of attenuation which can be set out of band, 
thereby, the fall of the resonance frequency by the inductor will become still 
larger. 

[0007] Since this invention is out of band, it aims at offering the surface acoustic 
wave filter which chips in a band and has a steep standup, in order to solve said 
technical problem in the conventional technique. 
[0008] 

[Means for Solving the Problem] In order to attain said purpose, the 1st 
configuration of the surface acoustic wave filter concerning this invention is a 
surface acoustic wave filter constituted by connecting two or more surface 
acoustic wave resonators to a serial and juxtaposition, and is characterized by 
the propagation directions of the surface acoustic wave of the resonator 
connected to the propagation direction and juxtaposition arm of a surface 
acoustic wave of the resonator connected to the serial arm differing. 
[0009] Moreover, the 2nd configuration of the surface acoustic wave filter 
concerning this invention is a surface acoustic wave filter constituted by 
connecting two or more surface acoustic wave resonators to a serial and 
juxtaposition, and is characterized by the equivalent electromechanical coupling 
coefficient of the substrate which produces the resonator connected to the 



juxtaposition arm being smaller than the equivalent electromechanical coupling 
coefficient of the substrate which produces the resonator connected to the serial 
arm. 

[0010] Moreover, in said 1st or 2nd configuration, it is desirable to use at least 
one chosen from lithium tantalate and lithium niobate as a substrate which 
constitutes a surface acoustic wave resonator. 
[0011] 

[Function] According to the 1st configuration of said this invention, according to it, 
an equivalent electromechanical coupling coefficient can also be changed by 
having made it change the propagation direction of the surface acoustic wave of 
the resonator connected to the propagation direction and juxtaposition arm of a 
surface acoustic wave of the resonator connected to the serial arm. Therefore, if 
the propagation direction of a surface acoustic wave is chosen so that an 
electromechanical coupling coefficient with the resonator more equivalent than 
the resonator connected to the serial arm connected to the juxtaposition arm may 
become small, since the difference of the resonance frequency of a resonator 
and antiresonant frequency which were connected to the juxtaposition arm 
becomes small and is out of band than the case where both are chosen in the 
same direction, the surface acoustic wave filter which chips in a band and has a 
standup steeper than before is realizable. 

[0012] Moreover, by making it smaller than the equivalent electromechanical 
coupling coefficient of the substrate with which the equivalent electromechanical 
coupling coefficient of the substrate which produces the resonator connected to 
the juxtaposition arm produces the resonator connected to the serial arm 
according to the 2nd configuration of said this invention In order to make small 
the difference of the resonance frequency of a resonator and antiresonant 
frequency which were connected to the juxtaposition arm, By choosing 
appropriately the substrate which produces the resonator connected to the 
substrate which produces the resonator connected to the juxtaposition arm, and 
the serial arm, since out of band, the surface acoustic wave filter which chips in a 



band and has a standup steeper than before is realizable. 
[0013] 

[Example] Hereafter, this invention is explained still more concretely using an 
example. 

(Example 1) The 1st example of this invention is explained first. Drawing 1 is the 
block diagram showing one example of the surface acoustic wave filter 
concerning this invention. 

[0014] The lithium tantalate substrate 101 of 36-degree rotation Y cut X 
propagation was used as a substrate, and the surface acoustic wave resonators 
(henceforth a "resonator") 102 and 103 were produced as an electrode using 
aluminum. And as shown in drawing 1 , one piece connected at a time with the L 
type, using respectively the resonator 102 of a serial arm, and the resonator 103 
of a juxtaposition arm, and the surface acoustic wave filter (henceforth a "filter") 
was produced. In addition, as for an input terminal and 105, 104 are [ an output 
terminal and 106 ] the connection terminals to a ground among drawing 1 . 
however, the electrode of a convenience top given in a drawing, and a resonator 
-- a logarithm and a reflector - the logarithm is reduced. 
[0015] In this configuration, the propagation direction of a surface acoustic wave 
is the direction of X, and the resonator (henceforth a "series resonance child") 
102 of a serial arm is a direction where the maximum electromechanical coupling 
coefficient in the lithium tantalate substrate 101 of this 36-degree rotation Y cut X 
propagation is obtained. Since the resonator (henceforth a "parallel resonance 
child") 103 of a juxtaposition arm is shifted in the propagation direction of a 
surface acoustic wave on the other hand from the direction where the maximum 
electromechanical coupling coefficient is obtained, consequently an 
electromechanical coupling coefficient becomes small compared with the series 
resonance child 102, compared with the series resonance child 102, the 
difference of resonance frequency and antiresonant frequency becomes small. 
[0016] The property of the filter produced as mentioned above is shown in 
drawing 2 . The property of a filter when a series resonance child and a parallel 



resonance child consider as the arrangement from which the maximum 
electromechanical coupling coefficient in the lithium tantalate substrate of 36- 
degree rotation Y cut X propagation is obtained for a comparison is shown in 
drawing 5 . In the case of this example 1, it turns out that the standup of a 
frequency lower than a passage frequency band is sharp so that clearly from 
drawing 2 and drawing 5 . Moreover, although the passband is narrow a little at 
coincidence, a passband can change with the system to be used and the 
properties demanded, and can be changed by adjusting the delta frequency of 
the series resonance child 102 and the parallel resonance child 103 and. 
[0017] (Example 2) Next, the 2nd example of this invention is explained. Drawing 
3 is the block diagram showing other examples of the surface acoustic wave filter 
concerning this invention. 

[0018] The lithium-niobate substrate 201 of 41-degree rotation Y cut X 
propagation and the lithium tantalate substrate 202 of 36-degree rotation Y cut X 
propagation were used as a substrate, and the resonator was produced as an 
electrode using aluminum. And as shown in drawing 3 R> 3, the parallel 
resonance child 204 who produced on the lithium tantalate substrate 202 of the 
series resonance child 203 and 36-degree rotation Y cut X propagation which 
were produced on the lithium-niobate substrate 201 of 41-degree rotation Y cut X 
propagation was connected to the L type through the wire 208 which connects 
between substrates, and the filter was produced. In addition, as for an input 
terminal and 206, 205 are [ an output terminal and 207 ] the connection terminals 
to a ground among drawing 3 . however, the electrode of a convenience top 
given in a drawing, and a resonator - a logarithm and a reflector - the logarithm 
is reduced. 

[0019] In this configuration, since the series resonance child 203 is produced on 
the lithium-niobate substrate 201 of 41-degree rotation Y cut X propagation, 
compared with the parallel resonance child 204 currently produced on the lithium 
tantalate substrate 202 of 36-degree rotation Y cut X propagation, an 
electromechanical coupling coefficient is large, and the difference of resonance 



frequency and antiresonant frequency becomes large compared with the parallel 
resonance child 204. That is, the difference of the resonance frequency and 
antiresonant frequency in the parallel resonance child 204 becomes small like 
the case of an example 1 compared with the series resonance child 203. 
[0020] The property of the filter produced as mentioned above is shown in 
drawing 4 . The lithium tantalate substrate of 36-degree rotation Y cut X 
propagation is used for a comparison, and the property of the filter at the time of 
producing similarly is shown in drawing 5 . In the case of this example 2, it turns 
out that the standup of a frequency lower than a passage frequency band is 
sharp so that clearly from drawing 4 and drawing 5 . Moreover, although the 
passband is large a little at coincidence, this is because the lithium-niobate 
substrate of the 41 -degree rotation Y cut X propagation with a larger 
electromechanical coupling coefficient than the lithium tantalate substrate of 36- 
degree rotation Y cut X propagation is used as the series resonance child's 203 
substrate. 

[0021] As mentioned above, according to this example 2, by choosing 
appropriately the substrate which produces the parallel resonance child 204, and 
the substrate which produces the series resonance child 203, since out of band, 
the surface acoustic wave filter which chips in a band and has a standup steeper 
than before is realizable. 

[0022] In addition, in the above-mentioned examples 1 and 2, although the 
lithium tantalate substrate of 36-degree rotation Y cut X propagation and the 
lithium-niobate substrate of 41 -degree rotation Y cut X propagation are used as a 
piezo-electric substrate, it is not necessarily limited to these, and if it is the same 
piezo-electric substrate, it will not interfere. 

[0023] Moreover, in the above-mentioned examples 1 and 2, although the case 
of explanation where it connects a series resonance child and one parallel 
resonance child at a time is explained for convenience, it is not necessarily 
limited to this, and also when two or more each resonators are used, the same 
effectiveness can be acquired. 



[0024] Moreover, in the above-mentioned examples 1 and 2, although the series 
resonance child and the parallel resonance child are connected to an L type, it is 
not necessarily limited to this connection method, and you may connect with T 
mold or pi mold. 

[0025] Moreover, in the above-mentioned examples 1 and 2, for convenience, 
although explained as an input and an output terminal, one side is not prescribed 
to be an output in an input, and property top one side of a circuit may connect 
explanation contrary to the above-mentioned explanation. 
[0026] 

[Effect of the Invention] As explained above, according to the 1st configuration of 
the surface acoustic wave filter concerning this invention, according to it, an 
equivalent electromechanical coupling coefficient can also be changed by having 
made it change the propagation direction of the surface acoustic wave of the 
resonator connected to the propagation direction and juxtaposition arm of a 
surface acoustic wave of the resonator connected to the serial arm. And if the 
propagation direction of a surface acoustic wave is chosen so that an 
electromechanical coupling coefficient with the resonator more equivalent than 
the resonator connected to the serial arm connected to the juxtaposition arm may 
become small, since the difference of the resonance frequency of a resonator 
and antiresonant frequency which were connected to the juxtaposition arm 
becomes small and is out of band than the case where both are chosen in the 
same direction, the surface acoustic wave filter which chips in a band and has a 
standup steeper than before is realizable. 

[0027] Moreover, by making it smaller than the equivalent electromechanical 
coupling coefficient of the substrate with which the equivalent electromechanical 
coupling coefficient of the substrate which produces the resonator connected to 
the juxtaposition arm produces the resonator connected to the serial arm 
according to the 2nd configuration of the surface acoustic wave filter concerning 
this invention In order to make small the difference of the resonance frequency of 
a resonator and antiresonant frequency which were connected to the 



juxtaposition arm, By choosing appropriately the substrate which produces the 
resonator connected to the substrate which produces the resonator connected to 
the juxtaposition arm, and the serial arm, since out of band, the surface acoustic 
wave filter which chips in a band and has a standup steeper than before is 
realizable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing one example of the surface acoustic 
wave filter concerning this invention. 

[Drawing 2] It is the property Fig. of the filter in one example of the surface 
acoustic wave filter concerning this invention. 

[Drawing 3] It is the block diagram showing other examples of the surface 
acoustic wave filter concerning this invention. 

[Drawing 4] It is the property Fig. of the filter in other examples of the surface 
acoustic wave filter concerning this invention. 

[Drawing 5] It is the property Fig. of the filter for the comparison with this 
invention. 



[Description of Notations] 

101 201 Lithium tantalate substrate of 36-degree rotation Y cut X propagation 

102 203 Resonator of a serial arm (series resonance child) 

103 204 Resonator of a juxtaposition arm (parallel resonance child) 

104 205 Input terminal 

105 206 Output terminal 

106 207 Connection terminal to a ground 

202 Lithium-Niobate Substrate of 41" Rotation Y Cut X Propagation 
208 Wire Which Connects between Substrates 
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i^TMtsfe©^^ *t, a^igT i o 2 1 
i o 3 tvmm&mmmz-tizk-oT 

[0017] (*JSM 2 ) #?gBJ©fg 2 ©ftjfi^l 

fc^WTftgrr*. 03iW^HJt«S5W4affi«7^ 

[0 0 18] mUtLX4 1° BIEY*y hX£«©r: 

•t7nvw&&R2 o 1 13 6° ®m*ybxfcm 

©^>3';HIU5 1| 7A*«2 0 2&ffiffib, «ffitLT 

3fc*"r.k3fc. 4 1° @«5Y*yhxe«©z:*7TI 
•J?9A*K2 0 1 ©J:tf«LfcitJ!IftS?2 0 3 t 
3 6° HHEY*yhxe*©^>^;«U^7A««2 
0 2©±fcft3ll,fcftJ!]*jR?2 0 46, SferflSSS 
t57^t-2 0 8 ft^LTLfflfcSMU 7^;k?- 
S^Sbfco N, 2 0 5ttA*«^ 2 0 6H 

ffi7J«^, 2 0 7»7-*^©ffiK«F?T*S. fflU 
HBfB*©3&-&±, ftJB^©*«m R3*S&*f»»« 

[0 0 19] ^ffli^t^^T, lt?iJ*fi^ 2 0 3IJ4 
1° gJlEYrty hXfe«©^^7KU5 1 '7ASfi2 0 1 
©±(3f^fi$nTW§fcftiC, 3 6' HrtEY*yhxe 
«©*>*;l*y^9£*R2 0 2©_ki^K$nTW 
3«H;fiT2 0 4 fctt^T*fM»«iB£ffjft#*£ 
<, ^50*^2 0 4CJttT#fi««i[jRtS#fi«» 

*t©is«j*€<as. -rftfct, ftis«i©i©^t^ 

«t. 3650*Jg : p2O4t*{tS*igraS»tH*SM 
^fCt©H», (t?!l*Jg^2 0 3^Jt^T/J^<ft^. 

[0 0 2 0] ±S©<fc5fcUTfP8Ufc7^;^-©» 
tt^E4tC^fo itg©fcftt-3 6° HHEYAyhxe 
«©^>^^»'J?«7^SfiiSfflVs, HStbTfPSL 
fcJi-a-©7^;l/^-©#tt&H5 t^T, 04, 0 5^ 

5w&*a:«fc5fc, 3f^jfi«fl2©«^fcttaa^«ftff 

«J:Dt>fiV>««a©4%±^Q*«ifi<ftT3TWSet 
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5 

^nt»^4±ig^2 0 3©X«£LT3 6° @igY 

^£«iSc©A^v>4 i 0 @KY*y hxe«©-^^ 

[0 0 2 1] £U©J;5IC, **««2ICj;ntf, MM 
*Sff 2 0 4 SfF»f.5Sfitiil0!l&ST2 0 3 

MS^^^-SHHTS^t^T^So 10 

[0 0 2 2] ft, _h|HS»il, 2fc*l>Ttt, JESS 
IiH36° 0fcY*y hXfcl^^^it'JtP? 
ASffi, 4 1° EHEY*-/ hX(g«©-^-^»U^A 

[0 0 2 3] £fc, ±B*JM!1, 2t*^Ttl, bKBJ 

[0 0 2 4] Sfc, _h|e^J£^J 1 , 2C*HTU, BM 

[0 0 2 5] £fc, ±E&»m, 2fc*3V>Ttt, |£BJ 
0MS±, A*. BJrtttftLTlMIl/TV****, left 

[0 0 2 6] 

3M7^7-©j§l©«fi£IC<fctlt;l fi«KSSc 
tltc&M? 0#ttaMK0-K«*^ t £ Jlfc 5i*5«fc 5 
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.kSKLtfcO-CifcSfca. M^IRfcSBRSnt^fi^ 
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[0 3] *^0jt^s#ft^»7^;u^-©«©« 
[04] #«gi§fc«5Wi*affl«7xr;^-0te0ajfi 

WC^37^l^~0#ttHT£3o 

[05] *»Wioifcttofc*o7-f;^-©*ttHT 
%s. 
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101, 2 0 1 3 6 ° 0«Y*y hX&R<D9>trfr 
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Xtt^At i 01f z. t iz i 0 s Hi££]®ji-<r& 

1 D T £ fli S HHi^lgT T"S> o T , frlB I D T £ 

Sfistt 5 n«£toitMtfM/ ( is nt@ +nwm<7)x 

^-*)#0. 5 5-0. 8 5T"feS;fc^^t-fS 

2 1 ° - 1 3 6 ° , 87-93° ) Th&*&glRX~$> 
[IMII3] ffiEi DT^i^i:, MIBI dt 

£0. 5 5-0. 8 5feUcRM£§£ffMU^fc£# 

mtti mm ittiii2 mtvmm&gm?. 

[|f*H4 ] |f*II 1 -3 ie^m^st ffl^ 

[ mm 5 ] it m. i - 3 ^is^im ^att * 

[0 0 0 1 ] 
[0 0 02] 

S ± a «fc 0 J£S I D T ( I D T ) 

[0003] ^ mmm^m^immmt lx^a ? 

(0° , 1 2 1° -1 36° , 8 7-9 3° ) CO 

mm^xA-mtzn a m&immnx ^s. 

&&^Xffl%Z-r&. i-f, yJc&j&^Sr&WM 0 0 
£09 (a) »fi;dfcffllrf£o 09 (b) 
fc^tiot, nAioo«ii(;lf, xa>?>j 

«t oTati s &r$k 1 o i &mmt& . s 
^mmrni o i»^^x 7 fy/(;j;t) 

Rfe*U 09 (c) CStiaCIt^IDTlOla 
fcSROKItiSl 0 l bj&^&£^-y£^l«fM-f 
S. 09 ( d) teSrfiofcrl DTI 0 latK 
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V^T'^X^ 1 0 0 £flJBrtS . *f*t. 09(e) 

I 0 3fcJRttU ^V^-^'l 0 3tom«l 04tID 
Tioiat fctfy-r * -V- 1 o 5 

[00 0 5 ] JiLhO i a Hffi&^tO I DT^iS^ 

-r s^Mta-in^ 7K B B H^j±mss±tT a ^w. 

^xm^tix^i. zcD£otcmm$.mwxn. ^co 
m. mmmmz£-ox±^vm&£ti& « 

[ 0 0 0 6 ] 

[^«*LJ:afc-ri>iSli] L^L^t. ±IEL 

Kkotcumm. mmmtimt&i:. idt 

»^§^MJ¥^'7xy ^ft(;S^r |> t ^ a ^jS A% o . 
yV^frmmtcorsyy^tK-oX^^z, 

[0007] L^L=5r^'^, a i meymmmtmb 

zmmsKw^y^wtt ^ t ^ a tz . -f 
^r^*>. a i ^Ewratmt i d TiMimc 

^t^;ttWil.gS«t^S^\ Ta 
A u V^Et i. -oX I DTSr 

1»SLfc«^{±, ^x7NK;^'Jf MH8£-f £ ; t 

II Ta ^W. A u ^ i a iZ%MMMtf± # f#L(f ± 
§v^|S, A l^HMJI^b^v^Wb^T, 
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sm«w^7^^ mis ^ t oox^ hmmmmT 
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s i d t k imt h mMMMk^xh ~> x , friB i d t 
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[ooio] ztuz* o , s nmLcommco^Mtf i 
d Tnnmgmztt Lx*m.im< &s . 

[0011] IMlf 2 fcf^M^fH^ ff^Jll 
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[0012] ztii/zx o , %mimitmtt>zz < . 

[0013] ff*ll3 W^ftfTO, ff*JMlieffi« 
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D TOMtlt€Sfgtg/ (TO!tt§+1t«»)^- 
*)£0. 55-0. 8 5fcLfcfiat$B£JBj£l/n* 

5. 
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[0 0 18] IDT3I1 Ta^i^tf-Smffiffff 

[0019]^ I DT3<7ym®tt%mf&t&9& 
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[ 0 0 2 0 ] #^<9£2<9Hf»B!B£o^Tit 
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12B:2O(0IDT13a, 13b •^MfflUfcK 



[00 2 1 ] IDT13I1 Ta^±^tf|,iS|f 

SWtaWSv^t^ifei-rs i 5 fcffiE§iil> - 1 fci 0 

*fj££ilT^I> 0 ifc, I DTI 3a, 13b|±ifflS 

*sife«ffij^t^^T t . n i ommmm t mmtz i 

DTI 3a, 1 3 bCDlM^O^-Xfc>fff l>€S 

wm/ (mmmm+mmmm^x^-x) =o. 55 

-0. 8 5<7)ISHfc&£ia(C§bE$fiTU!, 0 

Rst§s 14a, i4b ^me^ox^-x t^-r 

SgtliA^&SidfctSsg^Ti^ i-^hh. 

mm%m/ (VMrng+mmmm^x^-x) =0.5 
5-0. 8 5e>mMz%h£oizm£.ztix^&. 
[0022] *mi<om3cvmmmiz-o^xm 
wtz . h 3 i±*^Bj?^m 3 o^w^^i^m 

illy^/^wiitfcs, E!3fcSrfidfc, fit 

2 2 _hfc 2 OCD I D T 2 3 a , 23b OMIfcK 
St«2 4a, 2 4b^ffMt-S^ttiDffiB!cS^TV^ 

[0023] IDT 2 3a, 2 3b{±, Ta^^t 

ifctiOfll^fL-CV^I). ist, IDT23a, 23 
b(i^ffi^f5jt^[6l^SH^[&ItM<A>^-C^I) 0 * 

C I DT2 3 a , 2 3 I ■ .••:''.!.;lH!.1 1 ".l- : ' V - U ~ V-| i ,', 

0. 5 5-0. 8 5^lcHt^l»i5tlS5E^fLT^ 
Rl^2 4a, 24bWifi^^-X 
t ^ # < & 5 i 3 ZtiX\*&. 

X)=0. 5 5-0. 8 5^iEH^I>i3tl^§^ 

t o o 2 4 ] ^mvm (ommmi>z^xm 

Wt& . 04 (±*^0J!^m4 eMMWM ^T^-fyf—M 

mm&y * iv?<?)^mmxfoh« E4t^idt, 7 

3 2 ±t I D T 3 3 a , 33b M^OWfl tRWH 3 

4 a, 34b^Mt-S l Itti m^tiX^L 
[0025] IDT 33a, 3 3b(i, Ta^»t 

ifctiOflllSStlT^i. ttz. IDT3 3aiiitM 

ntffi^ti, i dt3 3bitmmi,zmztL&c\bitz£ 

HI. Jt?2^»o^s,bjnHi(clDT3 3a, 3 

3 b^ms^r B i^x^-x^t-ii«s^M^A^ < 
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si^ti^^T^s. -rzfr-h. nmsm/ (mm 
w^+vm^cox^-x ) = o . 55—0. s 5 01s 

34b <om^Kox^xtzntiws^mi>^ < 
zzxoizmfeztix^z. -t^hh. mmm^z cm 

W^Wi+WM^cox^-X ) = 0 . 55 — 0.85(7) 

[0 0 261 M:, *»I5, ®6i7)SJfi<7)^t 
o^TUiBB-tS . 0 5 ti*&HH<DS&4 ^HSfe^Hs^ ^ 

^ffl^M^Bj^g? 5 emwmit ^mwmm. 

corn 

[0 0 27] 05 t^-f J: 5 fc, 5HI«£IK4 1 fi, 3 

3^^i>*fflH4 4^ryx-fS^ry^4 5iz 

2bmmmo$mwi7 <>i?4 3tzi±^ m2-w,4<?m 
[0028] mz^mcommmm/ (mmmm+mm 

mfflCDZ^-X) =0. 5 5-0. 85^iGHtO^T 

i+«r^x^-x > ^ 0 . 50-0. 90 mx^. 
ik^xzco*mmkcD%tii£%.fz®xfoh, 

■(i&f&ftHSff ( J¥$ d/ifc^A ) Offi^2 .00%. 
JJTF, • : 2. 0 4%, A : 2. 0 8%, V : 2. 12 

%, O : 2. 16%, + : 2 . 20%, * : 2. 47% 

com£co*m®.mcDmi%mLx\^« ttz. *mw. 
mxiij-jy-ft (o° , 127° , 90° ) xm&z 

fi&yk&XMUzT a LT , 2 ffiJO I D T 

tmmzmtz s HsoiM£ffl^»^r§OT 

ifi^-f^fcfflvvo^. ifc, O: 2. 16%^ 
C0M±*A (0° , 126° , 90° ) xmfoZ 

tii7^ B mm^zT a zmmmmt ix , 2«o i dt 
tmmzmttz s HsosH^ffl^isgMM 

[0 0 29] 06 tS^-J: 3 Hffi^M/ (fffigfg 
+€Sfr H 10X^.-X ) Ofl^O. 7 5<7)i^1tm$± 

( €Sf^t§+€Sf^r H 10X^-X ) (7)fl^' 0 . 7 5 CD 
Wm*A £>l^«loMft£Sl/0^ 

[ o o 3 o ] 07 (±, nfflam/ (mmm^+mmmm 

COX^-X) £0. 0 *>bfffim<Vg. 

/ (nmmm+nmmmcDx^-x) % d 1 , mm.co 
mmm/ (nmm^+mmmr^x^-x ) s- d 2 . 



Mf 0 (d2)tffiU^(:,i»: (dl + d 
2) /2, SIS: [f 0 (d2) -f 0 (dl ) ] / 
[ (dl + d2)/2]/(d2-dl) £7n>yhL 

tzh<ntfm r ixfoh. ■-*«, 06h^tto 
[ 0 0 3 1 ] muz^tx 0 1, m»!ttg/ ( 

-t««l ±0.1 5%SST"fefl(f, Sit;* 
57^rt i l>«^§^77^± 1 %fSJRR±t-|> 

*> sitK, mwm/ ( megts+ 
wury^x^-x ) <m& 0.55 jiLhT& «t v •> 

[ 0 032] 08i±m«« (ms^ts+msf^o 
x^-x ) toiit x->x~7 4 )V9<mxwz& t'coms. 
mtthfrit%fzmxfoh« ■-+«, 06sv 

<7M££M^z±.XWmiX^& . 
[00 33 ] 08 fcTjrfi: 3 HflSflig/ (ISI1 

+m»£r E g< ? )x^-x) ^o. 7 5«b§, B-otii* 
t itAsskfifchs < £ ; . a , mmm 
mzmim<. mmmm/ (mmmm+mmmmcox^ 
-x)&o. 8 5 *i8i. fcja o t j*A«***^# 

*m/ (*®^ti+«e^rBio^^-x ) & o . 70 a* 
p AM*^)ig'j t - x^mjK -hi minima 
w.<^tzz\t{z^y) m^m^mm lx\^cox 

h 0 s V vffU: LTt 0 . 5 5-0. 8 5 comxfotl 

(s\ o . 5 o mm tib\ wj.nzmMik 
mmiz x-ox \tmmtb tt^ztfrt*. mmnm 

<^M^mmm^m, m^h\ w, mo, ni, cu, 

Co, Cr, Zn, Fe, Mn, Au, Ag, Pt, O 
s, Ir, Hf Xii*tl$><ry&&CI DT£fflfi!c 

^^-r ; h «Ba t> frxhh , ttz. m*m&<r>*4 ? 

~fih (Q° , 12 1°— 136° , 87 — 93° ) CO 
[ 0 0 3 4 ] JilBUftO^FJTIi, 1 StOWttH 

j ji?i l z^xmtyLtztfMzm& hcoxn% 
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[|£BH<7)a*] tl±^)J:at;, *fflmzM£. I DT 

&iijj!c-r^ wgomsfgtg/ ( mmm+mmmco 

X^-X) £0. 5 5 — 0. 8 5 k-tS^i: 0, ff 
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[H2 ] m2<mwmzmwtzteto<7fflt&®mm 
[H3 ] m3<mfflmzmfrttft<m&Gmm 
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